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Methods

For the local health indicators project, we computed YHL for 2003–2005 for each local health
jurisdiction in Washington. We used BRFSS data and death data for 2003–2005, and the
OFM population data that was released in November 2006.

BFRSS data

We combined the individual BRFSS data files for 2003, 2004, and 2005. Each year of BRFSS
data is weighted to represent the state (or LHJ) population. In this project, the three
combined years should represent the population, so we need to adjust the weights accordingly.
We followed Korn and Graubard, chapter 8,1 and adjusted the weights as follows.

Say n2003, n2004, and n2005 are the sample sizes for the 2003, 2004, and 2005 BRFSS samples.
Then multiply the weights in the 2003 file by n2003/(n2003 + n2004 + n2005), the weights in the
2004 file by n2004/(n2003 + n2004 + n2005), and the weights in the 2005 file by
n2005/(n2003 + n2004 + n2005).

The sample sizes are as follows:

year sample size
2003 18,644
2004 18,587
2005 23,302

We used the finalwtw field in BRFSS for the sampling weight.

STEPS strata

Two additional strata were added to the BRFSS sample design in 2005, and about half of the
strata got new codes then. Therefore we recoded the strata before combining them across
years.

Life expectancy

First we describe how to calculate life expectancy. The life table for Adams county (Table 1) is
displayed as an example. We used the method described by Chiang.2 The columns Pi and Di

are obtained from state population and death data, respectively. The death rate, Mi is
calculated as

Mi = Di/Pi (1)
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The proportion of the last interval of life lived is calculated by using the death date and birth
date to compute the mean number of days lived by people who die during each age interval.
This is calculated from the state data, and those numbers are applied in the life table for each
local health jurisdiction. Using LHJ data to estimate ai might lead to imprecise estimates of
ai and increase the variability of the life expectancy estimates. (And that variability would
not be reflected in the confidence intervals, since the ai are assumed to be constants when
calculating the variance of the life expectancy.)

The probability of dying during an age interval is defined as proportion of those alive at the
beginning of an age group who die during the age interval, and is given by

q̂i =
n · Mi

1 + n(1 − ai)Mi
(2)

The probability of dying is defined as 1.0 in the 85+ age group.

To construct the life table, one starts with an imaginary cohort of 100,000 people. Then we
can calculate the number living at the beginning of each age interval in turn with the relation

li+1 = li(1 − q̂i) (3)

We can calculate the person-years lived during an age interval with

Li = ni(li+1 + ai(li − li+1)) (4)

For the oldest age interval this is defined as Lw = lw/Mw, where w indicates the oldest age
interval.

The total person-years lived by people alive at the beginning of any age interval α is given by
the sum of person-years lived during that age interval and all older age intervals:

Tα =
w∑

i=α

Li (5)

where w is the index for the oldest age interval.

The life expectancy for a particular age α is defined as the average person-years lived by
people alive at the beginning of that age interval:

êα = Tα/lα (6)

For example, the life expectancy at age 0 in Adams county is given by
T1/L1 = 7, 827, 752/100, 000 = 78.3.
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Years of healthy life expectancy

Years of Healthy Life expectancy (YHL) is defined as the average number of healthy years
lived.3 It is easily calculated from the life table. If ĥi is the proportion of people who report
good health in age interval i, then the number of person-years lived in a healthy state in that
age interval is given by

L′
i = ĥi · Li (7)

and the average number of years lived in a healthy state by people alive at the beginning of
age interval α is given by

ê′α =
1
lα

w∑
i=α

L′
i (8)

Variance of the life expectancy

We used the formula for the variance of the life expectancy that was derived by Chiang:2

Var(êα) =
w−1∑
i=α

p̂2
αi[(1 − ai)ni + êi+1]2s2

p̂i
(9)

where
p̂αi = li/lα

and

s2
p̂i

=
q̂2
i (1 − q̂i)

Di

Note that in this formulation, the oldest age interval is assumed to make no contribution to
the variance.

Variance of YHL

Ignoring the variability in death rates

If the number of deaths is much larger than the number of survey respondents, one can safely
ignore the variability in death rates when calculating the variance of YHL. In that case, the
variance of YHL is calculated as follows.

Var(ê′α) = Var

(
1
lα

w∑
i=α

L′
i

)
(10)

=
(

1
lα

)2 w∑
i=α

Var(L′
i)
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=
(

1
lα

)2 w∑
i=α

L2
i Var(ĥi)

where Var(ĥi) is obtained by analysing the survey data (e.g. with SUDAAN or STATA). This
formula is valid under the assumption that health status is independent across age groups.

Accounting for variability in death rates

If the number of deaths is about the same as, or fewer than, the number of survey
respondents, then ignoring the variability in the death rates may lead to an underestimation
of the variance of YHL. Here we describe the derivation of a formula for the variance of YHL
that accounts for the variability in death rates.

First, note that

êα =
w∑

i=α

Li/lα (11)

and from Equation 9,

Var

(
w∑

i=α

Li/lα

)
=

w−1∑
i=α

p̂2
αi[(1 − ai)ni + êi+1]2s2

p̂i
(12)

This implies that

Var(Li/lα) =

 p̂2
αi[(1 − ai)ni + êi+1]2s2

p̂i
for i = 1, . . . , w − 1

0 for i = w
(13)

and

Var(Li) =

 l2i [(1 − ai)ni + êi+1]2s2
p̂i

for i = 1, . . . , w − 1

0 for i = w
(14)

since p̂αi = li/lα.

Now we use the identity Var(XY ) = X2Var(Y ) + Y 2Var(X) + Var(X)Var(Y ) (if X and Y are
independent) to get

Var(ĥi · Li) = ĥ2
i Var(Li) + L2

i Var(ĥi) + Var(ĥi)Var(Li) (15)

and finally,

Var(ê′α) =
(

1
lα

)2 w∑
i=α

(
ĥ2

i Var(Li) + L2
i Var(ĥi) + Var(ĥi)Var(Li)

)
(16)
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